Informed consent was obtained from each patient included in the study. NT-pro-BNP was considered negative if <300 pg/mL and in favor of acute decompensated heart failure if >1800 pg/mL in patients older than 75 years, 900 pg/mL in patients from 50 to 75 years old, 450 pg/mL in patients younger than 50 years.
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All patients underwent integrated ultrasound examination (IUE) of lung-heart-inferior vena cava (IVC) with PUD Vscan (General Electric Healthcare, Milwaukee, WI, USA) with a single probe (1.7-3.8 MHz), using abdominal preset for lung ultrasound (LUS) and cardiac preset for heart and IVC evaluation. All video clips were stored digitally. IUE was performed with the patient in semisitting or supine position by an emergency physician (EPus) expert in transthoracic echocardiography (EACVI transthoracic echocardiography certified) and with good experience of LUS, who was not taking care of the patient. The duration of integrated ultrasound examination was always <3 minutes, and it was done within 30 minutes from the arrival of the patients in Emergency Department. The thorax was examined following a simplified protocol that provides two scans at each side, anteriorly on the II intercostal space, mid-clavicular line, and lateral on the V intercostal space, mid-axillary line, to sample upper and lower lungs. 3, 12 The presence or the absence of interstitial syndrome (IS, defined as the presence of at least 3 B lines for lung field) and the presence or the absence of pleural effusion (defined as hypo-anechoic space between the parietal and visceral pleura) was evaluated. Lung ultrasound was defined positive for bilateral IS and/or effusion if IS and/or effusion was present at least in the lateral scan (V intercostal space, mid-axillary line) bilaterally. 13 FoCUS examination included two projections (parasternal long-axis view and apical view), allowing eyeball evaluation of left ventricular (LV) geometry, systolic function, and chamber size. Ejection fraction (EF) was also estimated visually and categorized as preserved if >40% or reduced if ≤40%, based on cut point provided by the ESC guidelines. 14 LV dilation and left atrium (LA) dilation were also eyeball evaluated. 8 Whenever possible, LA was considered dilated if anteroposterior diameter (in the parasternal long-axis view) was visually estimated to be >4 cm in both genders ( Figure 1 ). Although we have previously studied the reliability of PUD using standard transthoracic echocardiography as the gold standard, 8 we specifically compared the concordance between EPus evaluation with pocket ultrasound device and standard transthoracic echocardiographic examination in a separate series of 10 patients from the outpatient clinic of the Hypertension Research Center.
Inter-observer variability with EPus was assessed in all 100 observations for FoCUS and in 50 randomly selected patients for LUS, using Cohen к. A P-value <.05 was considered statistically significant.
| RE SULTS
Concordance between EPus evaluation with pocket ultrasound device and standard echo was good with the к statistics = 0.9 for both "depressed EF" and "dilated LA." Concordance between EPus and another emergency physician, who reviewed PUD findings, was suboptimal for "IVC dilated and/or not collapsing" (к = 0.74), good: for "dilated LA" (к = 0.86) and "depressed EF" (к = 0.91), and excellent for the presence of IS/effusion on LUS (к = 1.0).
Among 102 patients, 2 were excluded (one for missing FoCUS information due to massive left pleural effusion and one for missing IVC evaluation due to abdominal compartment syndrome).
According to final diagnosis by the two independent observers, 39 patients (39%) had acute HF, and 61 patients (61%) had noncardiac dyspnea. Table 1 displays the final diagnosis of patients obtained after the review of the two independent observers. The baseline characteristics of the two subgroups based on the final diagnosis are detailed in Table 2 . Patients with acute HF had higher systolic and diastolic blood pressure, NT-pro-BNP, and creatinine levels than patients with noncardiac dyspnea (Table 1 , all P < .05). In contrast, patients without acute HF had more frequent history of chronic obstructive pulmonary disease and lower oxygen saturation than those in the acute HF category. Table 3 shows the performance of all pocket ultrasound device parameters together with CXR and NT-pro-BNP. In general, CXR and NT-pro-BNP were less accurate in the identification of acute HF than PUD assessment. LUS positivity for bilateral IS and/or effusion exhibited very high sensitivity, good specificity, and excellent accuracy for acute HF. However, the highest accuracy was obtained by the combination of LUS positivity and either dilated left atrium or depressed EF or both, which maintained the same high specificity as LUS positivity and dilated LA, but increased sensitivity to the same level as LUS alone. The accuracy of lung ultrasonography positivity and either dilated LA or depressed EF or both was significantly higher than the single ultrasonic modalities ( Figure 2 , all P < .01). All areas under the ROC curves were significant, but the curve for the combination performed significantly better than the ROC curves of the single parameters including the highly sensitive LUS.
| D ISCUSS I ON
This observational cross-sectional study strongly supports the utility of integrated ultrasound examination, using pocket ultrasound TA B L E 1 FINAL diagnosis by the two independent observers
FINAL diagnosis Cases
Acute heart failure 39 (39%) device, for an ultrafast (ie, within 3 minutes) diagnosis of acute HF in the setting of Emergency Department. The integrated ultrasound information derived from lung and heart examination can correctly identify patients with acute HF with an accuracy approaching 100%, evaluating lungs, LV systolic function, and LA dimension.
The main pathophysiological determinant of dyspnea in acute LV heart failure is increased pulmonary wedge pressure, which causes Ejection fraction (%) 42.6 ± 13.9 57 ± 8 .0001
Reduced ejection fraction (%) 59 10 .0001 BP = blood pressure; NT-pro-BNP = N-terminal pro-BNP.
TA B L E 2 Baseline characteristics and clinical findings detected at the time of patient presentation in the Emergency Department
TA B L E 3 Sensitivity, specificity, positive and negative predictive value and accuracy of chest x-ray, NT-pro-BNP, lung, heart and IVC ultrasound and their combinations in the diagnosis of acute heart failure (aHF) PPV = positive predictive value; NPV = negative predictive value; CI = confidence interval; NT-pro-BNP = n-terminal pro-BNP; IS = interstitial syndrome; IVC = inferior vena cava; EF = ejection fraction.
lung interstitial and alveolar edema. 20 Recent guidelines from ESC categorized heart failure based on EF and mainly divided patients into HF with reduced or preserved EF.
14 Acute accumulation of fluids into the lung interstitium/alveoli is the common denominator of patients with acute HF (independently on EF) and thus it is not surprising that presence of bilateral IS/effusion alone has a sensitivity of 100% as already demonstrated in previous studies. 21 On the other hand, the suboptimal specificity (82%) was mainly due to preexisting and/or independent lung conditions such as pulmonary fibrosis, interstitial pneumonia, and acute respiratory distress syndrome that can determine false positive as seen in 11 of our 100 patients. 22 Once the diagnosis of acute interstitial/alveolar syndrome is done, FoCUS clarifies if any cardiac abnormalities are present and if these can help explain the acute onset of HF. Most studies, performed to assess the utility of point of care ultrasonography in the management of acute dyspnea, define systolic dysfunction as an EF < 50%, considering the dysfunction as a sign of cardiac origin of dyspnea. 6, 23 In contrast with these studies, we adopted a stricter criterion to identify reduced EF, consistent with recent guidelines. Left ventricular diastolic dysfunction, present in all the types of heart failure regardless the values of EF, is characterized by increased LV filling pressure with consequent left atrial dilation and congestion or pulmonary edema. Thus, it was conceivable that the presence of dilated LA could be another sign of increased LV filling pressure. 24 As expected, LA dilatation alone had good sensitivity but suboptimal specificity, simply because it can also reflect chronic diastolic dysfunction. The association with LUS, exhibiting wet lungs, dramatically increases LA dilatation accuracy in the diagnosis of F I G U R E 2 Receiver operating characteristic (ROC) curve comparing accuracy of different ultrasound modalities. The 4 single parameters that generated the best pocket ultrasound devices (PUD) combination (as in Table 3 ) are compared with the ROC curve analysis 18 . PUD = pocket ultrasound devices; CI = confidence interval; EF = ejection fraction; IS = interstitial syndrome; NT pro BNP_Age = NT pro BNP adjusted for age The combination of LUS (to identify acute interstitial syndrome and pleural effusion) with FoCUS, including also dilated LA, substantially extends the spectrum of recognizable acute HF. Taking into account also "reduced EF," we were able to include patients with HF with reduced EF, while considering "LA dilation," we were able to include patients with HF with preserved EF. Thus, the combination of bilateral IS and/or effusion AND either dilated left atrium or depressed EF or both has the best accuracy in the detection of patients with acute HF (Figure 3 ).
As suggested by the current guidelines, NT-pro-BNP can be useful in the evaluation of patients with suspect heart failure. In our study, we found a sensitivity of 80% and a specificity of 70% in the diagnosis of acute HF using age-specific cutoff, substantially in agreement with prior reports. 25 NT-pro-BNP is a quantitative marker of HF affected by both systolic and diastolic left ventricular dysfunctions, but markedly elevated NT-pro-BNP is also common in patients with cancer, right ventricular pressure overload due to primary pulmonary hypertension and thromboembolism, 26 in acute coronary syndromes, chronic kidney failure, sepsis, and chronic obstructive pulmonary disease as well. Thus, it is conceivable that, in our study, NT-pro-BNP had a low specificity in the diagnosis of acute HF, because in noncardiac dyspnea category, there were patients with chronic obstructive pulmonary disease, asthma, pulmonary embolism, primary or secondary lung neoplasm, and pulmonary fibrosis, who could have elevated values without decompensated LV failure.
Similarly, chest x-ray is still considered a critical step in the initial diagnostic assessment of patients with suspected acute HF.
However, in our study, it shows good specificity (89%) but low sensitivity (65%), confirming previous findings 5 and supporting the lung ultrasonography superiority in the detection of early pulmonary congestion.
Recognize acute HFrEF can be achieved, with good accuracy, performing ultrasound examination of heart (focusing on cardiac assessment of LV EF), lung, and inferior vena cava. Our paper shows that evaluating LA size in patients with suspect HF can be of crucial importance to correctly identify patients with HFpEF.
| Limitations
One potential limitation of our study has been the nonconsecutive recruitment of acute dyspnea patients presenting to the Emergency Department due to the rotation presence of our EPus, expert in both transthoracic echocardiography and LUS. However, the recruitment has been consecutive for the EPus who have been in charge of the project. For our study, the EPus was a deeply trained in echocardiography (EACVI certified), and some of the aspect evaluated by FoCUS could be difficult to be recognized by another emergency physician less expert in cardiac ultrasound. This technical aspect might limit the use of pocket ultrasound device in Emergency Department for the purpose of our study. However, previous studies demonstrated that even medical residents are able to perform and interpreted multiorgan ultrasound images obtained with pocket ultrasound device after minimal training. 7 This aspect needs to be deepened in further studies.
Another limitation of our study is the lack of a true gold standard for the final diagnosis as in the context of ED, it is not feasible to perform in all patients more accurate diagnostic assessment (ie, contrast CT scan and standard echocardiography).
| CON CLUS ION
Our study confirms the immediate utility of integrated ultrasound examination performed at beside (or even in ambulance) in patients presenting to the Emergency Department for acute dyspnea. The combined presence of bilateral interstitial syndrome and/or effusion and either dilated left atrium or ejection fraction ≤40% or both has excellent accuracy for identification of patients with acute heart failure. Particularly, in the presence of lung ultrasonography positivity, EF ≤ 40% remains a good tool to identify acute heart failure with reduced EF, while left atrium dilation expands the spectrum of recognizable acute HF allowing identification of acute HF with preserved EF.
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